Abstract
Introduction

1.
In 1960-1980s, economic assessment of technologies in the Soviet Union was based (for the most part) on industry, interdepartmental and nationwide methodologies, which used the concepts and methods generally accepted at that time. Such assessment was based on the indicators related to reduction of full costs of the processes performed using specific types of technologies, which were compared with capital expenditures which resulted in such reduced costs. All economic assessments were made in respect of certain types of technologies used in manufacturing of specific products, as well as in respect of the processes of their development, implementation and upgrading. The issues of assessment of commercial efficiency of new technologies implementation were the least elaborated issues in the economic theory in those years, since such issues were pretty much ignored in command economies. Faced with this problem, there were no reliable statistical indicators and clear definitions of applied categories, e.g. the concept of "novelty" had no clear assessment criterion. Such circumstances prevented from getting objective assessments of the efficiency of technological development of the national economy and its industries (Konson, A., 1968) .
About 30 years ago, the Soviet Union started to adopt the internationally accepted methods of economic assessment of technologies, which were based on the so called methodology of the United Nations Industrial Development Organization (UNIDO). The key point of this methodology is the opportunity cost concept, which integrates the law of supply and demand (Hansen, J.R., 1974) . Nationwide adoption of UNIDO methodology included 3 main phases. Phase 1 was related to implementation of the Integrated Methods of Assessment of Efficiency of Measures Aimed at Acceleration of Scientific and Technical Progress in 1988 ( -1988) (Postanovlenie, 1988) . Phase 2 was related to implementation of the Guidelines for Assessment of Efficiency of Investment Projects and Their Selection for Financing in 1994 ( -1994) (Metodicheskie, 1994) . Phase 3 started in 2000, when the second edition of the Guidelines for Assessment of Efficiency of Investment Projects and Their Selection for Financing was implemented ( -2000) (Metodicheskie, 1999) . Despite significant differences between the above methodological recommendations, they determine the procedure for assessment of efficiency of new technologies' development without comprehensive consideration of issues related to commercial efficiency of their realization in the market (Andreychikov, A., and Andreychikova, O., 2015) . Such circumstance reduces the importance of existing methods and tools of economic assessment of technologies. Therefore, the importance of the task under consideration requires further research.
Literature Review 2.
Review of Regulatory and Procedural Documents
Development of the methodological basis of economic assessment of technologies may be described by results of comparative analysis of the above regulatory documents ( -1988, -1994 and -2000) . Main differences between them are as follows: in MP-1988, assessment objects include certain measures and actions (works, services, technologies, management operations and solutions) focusing on achievement of targets related to productivity enhancements, acceleration of scientific and technological progress etc. In -1994 and -2000, the assessment object includes investments in specific projects described by their scales, accounting periods, financial needs etc. Local measures, products and technologies are "hidden" behind investments in -1994 in - -2000 in - (Balyberdin, V. et al., 2014 .
We should mention very important aspects of MP-1994, and especially MP-2000, which are related to future requirements to the methods of economic assessment of technologies. Such aspects include quite detailed and deep consideration of the issues of assessment of investment projects from the standpoint of their parties, as well as with due account for various risks.
In MP-2000, efficiency of an investment project is thought of as a category showing the project's compliance with the goals and interests of its parties. Revenues and costs of such parties determine different types of efficiency of investment projects focusing on development of new technologies. MP-2000 suggests to assess the overall efficiency of a project and efficiency of participation in an investment project. Project efficiency is generally assessed in order to determine its attractiveness for potential participants, and in order to raise capital. It includes social (social and economic) and commercial efficiency. Social efficiency indicators take into account social and economic consequences of investment project implementation for the society in general. Project's commercial efficiency indicators take into account financial consequences of project implementation for the parties of the investment project, assuming that they incur all costs necessary for project implementation and benefit from all results of the project. According to MP-2000, efficiency of project participation is determined in order to check the investment project's feasibility and interest of all its parties therein. It includes:
-efficiency of companies' participation in the project (investment project efficiency for the participating companies); -efficiency of investment in companies' shares (efficiency for shareholders of the participating companies); -efficiency of project participation for entities of higher level as compared with the companies participating in the investment project, including: regional and macroeconomic efficiency -for certain regions and the national economy; industry efficiency -for specific industries of the national economy and associations; -budget efficiency of investment projects (efficiency of government's involvement with regard to costs and revenues of budgets at all levels). We should mention that project efficiency for a specific participant is determined, subject to MP-2000, by the ratio (taking into account the time difference) of its equity invested in the project and the capital received by it from realization of the project and remaining at its disposal (after compensation of its own costs and settlements with other parties: creditors, state etc.). In general, the structure of costs and benefits, as well as the applied discount rates may significantly vary for different parties. According to MP-2000, risks mean the probability of circumstances which will result in adverse consequences for all or some parties of the project, and uncertainties mean incompleteness and inaccuracy of information about the project implementation terms. Project implementation scenario, in respect of which efficiency estimates were made, will be deemed as a primary (base) scenario, and all other possible scenarios will be considered as scenarios resulting in positive or negative deviations from the efficiency indicators values used in the base scenario. Presence or absence of a risk related to realization of a particular scenario is determined by each project party based on the value and sign of relevant deviation. We should mention that MP-2000 provides alternative interpretation of risk as any possible deviations (positive or negative) from the planned average values thereof. Therefore, the estimates use moderately pessimistic indicators (rather than the average indicators) when developing the base scenario of implementation of the project focusing on development of new technology.
-2000 provides for assessment of projects in an uncertain environment using the following methods: consolidated assessment of sustainability; calculation of breakeven points; parameter variation method; expected effect assessment with account for quantitative parameters of uncertainty. All methods, except for the first one, provide for development of project implementation scenarios under the most probable or most dangerous (for any parties) conditions and estimation of the financial consequences of such scenarios. This allows to make a provision for remedial measures or loss reallocation measures within the project, if necessary (Batkovskiy, A., 2011) .
The problem of development and assessment of technologies, as well as the issues of dual-use technologies are widely considered in some foreign sources, including official documents, research reports, collective and individual studies. Various aspects of dual-use technologies are analyzed in the European Commission report - (EU Funding…, 2014) .
The issues of assessment of efficiency of dual-use technologies projects and relevant financial needs are considered in (Your Guide…, 2014) . The impact of development of dual-use technologies on the civil economy is analyzed in (Enger, S., 2014) . Rethinking of the approach to assessment of new technologies in the existing environment is made in (Lin, A., 2011) . Comprehensive approach to analysis and assessment of new technologies, as well as the responsible research concept are considered in (Bogner, A., & Torgersen, H., 2014) and (Sutcliffe, H., 2013) .
Development of tools for assessment of economic efficiency of technologies in Russia
Before 1970s, assessment of economic efficiency of creation of new technologies in Russia was dominated by the approaches, which were based on the 'cost' category. The standard model of economic efficiency assessment was as follows:
,
(1) where S and S mean the total cost of products (works) in case of the base and assessed technologies; and mean capital expenditures in case of the base and assessed technologies.
The period from early 1970s to late 1980s is described by transition to the methods of assessment of economic efficiency of created technologies based on the category of discounted costs, which takes into account (unlike the 'cost' category) the deficit of capital expenditures and the possibility of their realization at different times. The standard model of such efficiency assessment was as follows:
, (2) where =S+ ⋅ means discounted costs (under the base and assessed technologies, respectively); means the regulatory capital expenditures efficiency ratio. Assessments of capital expenditures and were discounted to a comparable form taking into account performance and service life factors using the following formulae:
, (3) where i means the index of options under consideration (base and assessed); means capital expenditures per product unit; means operations-related capital expenditures per work unit; means production cost renovation (amortization) ratio, subject to technology's service life; means relative performance. The renovation ratio was calculated in a simplified way using the following formula:
where means the technology's service life. Improved assessment models used another formula, which takes into account the cost discounting:
(5) Assessments of capital expenditures were discounted (taking into account different realization time) to the start year using the following formula:
, (6) where t means capital expenditures in year t; means the costs' discount rate ( in most methods which were used at that time). Models of type (2) largely reflected the realities of that time and approaches specific for the command and administrative system, and, from the standpoint of the modern theory, had many serious faults, including:
-application of different capital expenditures efficiency standards for various industries, determined based on the sector's assigned priorities rather than on the basis of objective assessment of the financial deficit; -application of different standards for assessment of capital expenditures efficiency and for discounting of costs (such standards should be consistent according to the modern economic theory). -assumption in respect of fixed and equal results of technology use for all options under consideration (this assumption is good for planning, but is rarely implemented in practice). -assumption in respect of equality of current production and operation costs for each considered option for all production and operation years; -assessment of costs based on direct current costs and capital expenditures with no account for various indirect costs and expenses; -assessment of costs on the basis of the simple planning principle with no direct connection with the real cash flow. From the late 1980s till present, the tools for assessment of economic efficiency of technologies are based on the opportunity cost concept and UNIDO methodology. Such methodology is based on the following key indicators: net present value -(other interpretations of this indicator: integrated effect, present value of an annuity); discounted return on investments -; internal rate of return -:
(9) where means net present value or integrated effect ( ); Rt means the assessed results value in year t; means current costs (without capital expenditures) in year t; Kt means capital expenditures in year t; means effect in year t; means the discount rate used for the results and costs; means profitability of capital expenditures; ∃ means existential quantifier: (∃ ) /……/ -such exists (is sought), whereby the condition in square brackets is met; means the internal rate of return. Fundamental differences between these indicators and the indicators based on the concepts of cost and simple discounted costs, which are used in prior guidelines, include:
-application of the same discount rate for costs, which takes into account both time and resource scarcity; -discounting of not just capital expenditures, but also current costs and results; --use of various discount rates for different assessed entities, taking into account their economic opportunities and interests (such entities include, but are not limited to customers, consumers, investors, manufacturers, state and its regions, banks etc);
-use of opportunity cost and implicit cost concepts: this means that not only direct costs, but also indirect losses and lost profits (from potential use of such funds in alternative projects) should be taken into account; -estimate of results and costs in accordance with the real cash flow (without the costs which are not related to real expenditures (for example, depreciation accrued in the balance sheet when estimating income taxes); -adjustment for potential unequal distribution by project life cycle phases of not just capital expenditures, but also current costs and results (Kravchuk, P., (2000) ).
Development of the methodology and tools of economic assessment of technologies in highly developed countries
In foreign practice, the methods of economic assessment of technologies were developed similarly to their development in domestic practice, but, generally, at a faster pace. Therefore, active adoption of the methods of calculation based on discounted costs took place from 1940-1950s, and application of approaches based on the UNIDO methodology took place from late 1960s (Boer, P.F., 2004) .
First of all, we should mention approaches which were widely applied abroad and which are related to assigning the monetary value to the effect, as well as which are related to the use (either directly or in a modified form) of the costbenefit ratio as a criterion for assessment of projects focusing on creation of new technologies. Many methods, which are applied abroad, are based on the well-known Olsen's formula, which is applied on the basis of the rank theory in cases when the target is represented by the technological upgrade (Ilysheva, N., and Krylov, S., 2014) . According to Olsen, the rank of i-th project Ri may be determined with the following formulae:
where I means index of future return; Pi means probability of success; i means expected research costs; Si means anticipated sales; t means the time period; means the time horizon; is the strategic parameter, which may be interpreted as the level of return on sales (profit margin). In case of: (12) the efficiency indicator will be used as a rank test, connecting anticipated future sales with anticipated expenses:
(13) There were numerous attempts to apply differentiated approach to assessment of uncertainty factors in foreign practice. For example, Kiefer assumes the following factors: Rt -probability of getting such technical result; Rcprobability of getting such commercial result; G -expected total income; K -total costs of the proposed project (Kiefer, D., 1964) . In this case, the general formula will be as follows:
, (14) where is the expected effect (the project is deemed noteworthy, if >2). Formula (14) is good for assessment of the projects, the implementation of which does not bring significant risks and which should be completed within approx. 5 years. Any method, which is applied in order to determine the effect, basically compares the costs and effects. The factors, which are related to preparation and implementation of projects focusing on creation of a new technology, are considered as the cost criteria. In such case, only direct costs of an engineering company (rather than public costs) are taken into account. Results of implementation of this project appear as follows: increase in profit; increase in sales; reduced costs; reduced labor costs; reduced consumption of materials; market expansion; more complete utilization of capital; competitive advantages.
All these criteria are related (either directly or indirectly) to numerous factors which contribute to or prevent from getting relevant results (White, M., and Bruton, G., 2010) . Such factors may include: the time factor of result implementation; suitability of new technologies for existing production facilities, materials, markets, organizational
structures, marketing and sales costs; sales and possible increase in sales (Tutulmaz, O., 2014) . Such abundance of factors and criteria means that reduction of profitability analysis to assessment of profitability based on two or three criteria will result in its oversimplification. Determination of changes in costs and sales for different structures of project budgets represents the most important task in selection of an optimal project. More detailed analysis can be made if the probability of projects' success is set as a function of invested money and the estimated present value of future net incomes generated by each project.
The methods applied abroad widely use discounting of effects (results) and costs (Thamhain, H., 2005) . Typically, the estimated rate of return and the interest rate, at which financing may be raised for the project implementation, are used as a discount rate. One of directions of improvements in the technologies' efficiency assessment method among Western researchers includes attempts to discontinue using solely monetary indicators of such assessment. Typical examples include well-known formulae of Krauch, H., 1970, and Ansoff, I., 2007. Krauch's formula represents dependence of L efficiency indicator on both monetary and non-monetary factors:
, (15) where N means the technology effect during its whole life cycle; means the probability of success; K means total costs incurred prior to putting into operation; V means availability of relevant research, engineering and administrative personnel, as well as the research and technical facilities;
S means the strategic value of inclusion into the general program. Ansoff's criteria is a c quality indicator expressed as:
, (16) where i means the technical level; means economic advantages; means estimated total revenue for the whole life cycle; Ps means the probability of project success; Pp means the probability of successful market entry; S means strategic consistency of the proposed project with other projects; d means total development costs; J is the accumulation factor expressed in shared use of existing facilities. Ansoff uses this criterion along with the following indicator :
, (17) where ar means total applied research costs; F means total costs for additional capacities and labor; p means the figure of merit. Finally, experience in assessment of efficiency of development and implementation of new technologies may be summarized with correlations widely used in the United States for the payback period :
, (18) where means the probability of successful research; means the probability of commercial success; S means the estimated sales (expressed in physical units); p means profit per unit; means product life; means estimated project cost. This formula does not take into account the costs related to manufacturing and marketing of products created using new technologies. Such factors are taken into account using a wider profitability indicator: , (19) where S means annual sales (expressed in physical units); means unit price;
means the period of sustainable sales (years); means manufacturing and engineering costs; means marketing costs. Relative value index ( ) is a more general index. It includes the breakdown of assessment of the probability of commercial success into the specifications of the new technology and other factors:
, (20) where means the probability of commercial success subject to the quality of the technology; means the probability of commercial success subject to economic factors; D means net income generated during the technology's life cycle; means the future revenue factor; means required capital expenditures; means the total estimated project cost. Therefore, highly developed countries consider not only efficiency of development and implementation of new technologies, but also the commercial efficiency of their marketing (Garton, C, and McCulloh, E., 2012) . However, the values of many used indices are estimated with account for peculiarities of national economies of these countries and, therefore, they are inappropriate for Russia. The most important specific feature of solution to the task under consideration in Russia is represented by the need to account for the specific nature of economic assessment of dual-use technologies.
Methods
3.
In our opinion, research of the task considered in this article in the light of specific features of Russia's economic development should be based on the methodology of an integrated approach to technical and economic assessment of technology using the overall efficiency concept. The essence of the above approach lies in systematic consideration of the effect from development, implementation and licensing of the technology. Such approach is necessary because new technologies are developed in Russia mostly for the high-tech sector industries: aviation, aerospace, electronics, shipbuilding etc. Many of them are dual-use technologies. They may be used for manufacturing of military and civil products. When implementing the project focusing on creation of a dual-use technology for manufacturing military products, the methods using the above opportunity cost concept and the UNIDO methodology will be applied. However, the above methods do not allow to assess the effect from sale (transfer) of licenses for dual-use technologies from military facilities to civil industries. Existing methods of assessment of technology sharing focus on assessment of the efficiency of international transfer (sale) of technologies. However, they are hardly suitable for solution of the task within the country.
In order to make an economic assessment of sale (transfer) of technologies from military to civil industries, let's assume that the sold dual-use technology j is implemented in a single product, replacing technology i, which is also implemented in a single product. When purchasing the license, the consumer pays the cost of the license, as well as some payments related to the license realization, pursuant to relevant contractual terms. Expediency of license purchase for a purchaser will be conditional upon excess of the agreed efficiency criterion (generally, net present value) in option j ( j) over the value of such criterion in option i ( i):
, (21) where mean product release (technology utilization) periods under options j and i; mean product release volumes in year t under options j and i; mean annual income per unit in year t under options j and i;
is the ratio describing the risk of obtaining t income in year t; mean current costs in year t under options j and i; is the license validity period; means annual current payments to the licensor under the license in year t; is the discount rate effective in such market sector. Let's analyze the obtained correlation. When expressing the net present value of purchased licensed products, the values of production periods, income, current and capital expenditures may and must be significantly better than the same indicators of the base option in order to "redeem" all license payments and risk effects related to implementation of a new technology. Replacing inequality with equality and the license prices with the license trigger price in this formula, we may obtain (using the traditional approach) the value of the license trigger price for the consumer (in respect of the current license payments): (22) However, quite naturally, the license trigger price does not reflect the reasonable price of such purchaseit should be significantly lower. It may be determined using of the following formula:
, (23) where k is the benefit-cost ratio acceptable for the purchaser. If dual-use technology j does not replace dual-use technology i, and is implemented independently, then formula (21) may be presented as follows:
(24) If technology j is implemented for manufacturing of m types of products, formula (24) is transformed as follows: (25) The cases of license sale considered in formulae (21)-(25) relate to the situation, which is quite difficult to estimate, when revenues, production volume and expenses may change from year to year. But in practice they may be often expressed in a form of relatively constant values. Let's assume the case of sale of license j for dual-use technologies to the civil sector for manufacturing of one type of product, with , (no current license payment), (no risks of license use), product j is new and does not replace product i. Efficiency of license purchase for the manufacturer of type j products when applying the net present value criterion will be expressed as follows: (26) Generally, total discounted production costs may be expressed in relation to the full production price:
(27) Considering that:
, (28) formula (26) transforms into: ), we may calculate composite and comparative indicators of integrated effects with account for the both sectors in which dual-use technologies are used. Let's assume that a certain technology is implemented in the civil and military sectors for a single product -i and j. Then the total implemented integrated effect of the dual-use technology from the social perspective may be determined as follows (assuming the equality of releases of each type of products by production years):
, (30)
Results
4.
The complex approach to economic assessment of technologies requires consideration of essential, specific indicators. The key tasks requiring immediate solution include: clarification of the lists of assessment's key indicators; establishment of basic values for some indicators; determination of weights for indicator groups; determination of relationships between various specifications of technologies; development of technology efficiency assessment methods; testing of developed guidelines and models.
Analysis of technology efficiency is conditional upon utilization of the system of estimates which are based on the assumption that technology development costs have the same economic nature as capital expenditures. Therefore, a new technology creation project must by assessed as an investment project. If inflation is to be factored into the calculation, the formulae for such indicators should be transformed so that inflationary adjustments to the prices are excluded from the values of costs and results; in other words, they should be discounted to the prices of relevant period. Projected price indices and deflators should be used for such purpose. In general terms, selection of the most efficient new technology should be based on comparison of costs and results throughout the whole range of possible efficient capital expenditures of the investor for creation thereof. It should be also noted that the concepts of result and economic effect are not the same, because result may include qualitative components, which can not be subject to economic assessment, or results may include components, the economic assessment of which is not directly included into such result, e.g. economic assessment of social results. Application of selection methods in respect of projects focusing on creation of new technologies, which do not take into account the above circumstances, does not allow to consider peculiarities of analyzed technologies, as well as the time factor to the full extent. In particular, differences in assessment of cash inflows and outflows with different timing are not taken into account. Therefore, the qualimetric analysis of projects focusing on creation of new technologies, which are implemented at different times, becomes more biased. In order to take into account the time factor (which is essential in long-term financial and lending transactions), it is necessary, in our opinion, to determine not just the project completion terms, but also the dates and frequency of cash inflows necessary for development of relevant technology, due to the "unequal value of money" at different time points. Besides, in order to take into account the time factor, we need to apply the discount rate, because discounting is not only an instrument for capitalization of income, but it is also the method of comparison of costs and/or revenues incurred and/or received at different points of time. The following indicators, which take into account the discount rate, may be used: net present value or integrated effect; profitability index; internal rate of return; payback period.
The basic list of the criteria considered in the article is not subject to compulsory application to the full extent when assessing the efficiency of a new technology. A differentiated approach to selection of such criteria should be applied depending on the direction of the technology creation project and its assessment tasks. In order to make a comprehensive assessment, the indicators of technological level should be used in addition to financial and economic indicators (especially in respect of special-purpose technologies).
Discussion
5.
Determination of correlations between technical and economic parameters of a technology acceptable for practical use is the most difficult and the least studied challenge (Chiesa, V., and Frattini F., 2009) . In order to solve this problem, we ( ) suggest to use the following methods: judgment-based analytical methods; regression analysis; factor analysis; expert opinions. Judgment-based analytical methods are applied in such conditions which are required to establish unequivocal non-random correlations between economic and technical characteristics. Generally, such correlations are established between two variables: e.g. "cost-effectiveness", "cost-development time" etc. In such case, the process of generation of analytical functions is based on the analysis of structural or functional relationships between the studied parameters of technologies or on processing of considered parameters (Schilling, M., 2012) . If situation does not allow to establish analytical relationship between random values of economic and technical parameters, regression analysis is applied (Hans, T., 2014) .
Regression analysis methods are the most efficient for determining the analytical relationships between costs and technological specifications. However, in order to improve the accuracy of determined relationships, we need large samples, which usually can not be obtained in respect of technologies (Harvard, 2011) .
Factor analysis is based on application of regression analysis methods, and this type of analysis is applied whenever we need to assess the impact of deviations of technical specifications (factors) on changes in the cost of technology. With small samples, application of regression and factor analysis methods does not provide the required accuracy in establishing of desired relationships. In such case, in order to solve the task, expert estimates may be used; this method may provide acceptable results with respect to accuracy and reliability, if experts are selected correctly (Mutanov, G., and Yessengaliyeva, Z., 2013) , (Tukkel, J. et al., 2011) .
We believe that development of methodology and tools for assessment of technologies should be based on realization of the following principles: minimum costs, maximum efficiency, equal significance of estimates and the intrinsic value of technologies. In the current situation, minimum costs and maximum efficiency are the main criteria among them.
Conclusion
6.
Analysis of development of the methods and models for economic assessment of technologies points out to their consistency. In their economic essence, all of them are based (in the modern context) on the same general methodology of assessment of results and costs in different combinations and modifications thereof. However, existing assessment methods do not allow to assess dual-use technologies in an integrated manner.
Methodological approaches, indicators and algorithms of comprehensive economic assessment of technologies are of general nature. They may be used in all sectors of the Russian economy.
Assessment of the technical and economic efficiency of development of new technologies should include determination of optimal balances between the required costs, creation time and technical specifications. Two principal tasks should be solved in this respect: selection of criteria and indicators, which would allow to make reasonable decisions regarding technology creation; establishing quantitative relationships between technical and economic characteristics. The main requirements to selection of the above criteria include: comprehensive technical and economic preliminary analysis, conducted when developing specifications of the technology to be created; identification and assessment of technical, economic, social and other components of the effect from creation of a new technology; specifying the need for financial and other resources required for creation of a new technology; assessment of possibilities of practical application of selected assessment criteria. -The following may be used as the criteria of technology's priority:
technology's contribution to large-scale structural changes in production (replacement of underperforming facilities with efficient ones etc.); contribution to solution of urgent social and economic problems in the country; existence of creditworthy customers interested in development of technologies; competitiveness of a new technology in the domestic and global markets; projected period of technology development; technology developer's research and technological potential, as well as existing technological innovations; full costs of technology creation, including investments required for implementation thereof. Unlike existing methods of solving the task, the developed tools will allow to get an overall assessment of dual-use technologies efficiency with account for the specific nature of their application in various sectors of the economy. However, in order to apply the developed tools more widely, further research efforts need to be taken in order to find solutions to the issues which are not specified in the article (assessment of new technology development risks, import
